Introduction
Chemokines comprise a family of chemotactic cytokines with low molecular weight which participate in multiple biologic processes such as angiogenesis, migration of leukocytes, tumor growth, and metastasis. [1] [2] [3] There are currently four major families of chemokines based on the position of conserved cysteines of these small inducible proteins: CXC, CC, CX3C, and C. 4 The CXC subgroup can be further classified into two groups, ELR+ and ELR− chemokines, according to the presence or absence of the "glu-leu-arg (ELR)" motif. 5 Most, if not all, chemokines function through binding to and activating a family of G-protein-coupled receptors, namely, CXCR or CCR.
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Zhang et al microenvironment. 8, 9 It is reported that CXCR3 was upregulated in many human tumors; furthermore, the increased levels were correlated with poor prognosis in breast cancer, melanoma, renal cancer, prostate cancer, and colorectal cancer patients. [9] [10] [11] [12] [13] In colon cancer specimens, high expression of CXCR3 was correlated with the metastatic frequencies to lymph nodes and distant organs; meanwhile, CXCR3-positive colon cancer patients exhibited shorter survival than CXCR3-negative patients. 7 Importantly, the systematic administration of a CXCR3 inhibitor, AMG487, was recently reported to inhibit lung metastasis of colon cancer and breast cancer in a mouse model. 14, 15 Another group demonstrated that CXCR3 could be a molecular target in breast cancer metastasis. 16 However, a study involving 96 gastric cancer patients reported opposite results. 17 Overexpression of CXCR3 was found to be inversely associated with invasion depth and metastasis in gastric cancer, and further analysis showed that high CXCR3 expression was an independent prognostic factor and associated with favorable prognosis.
As for the multiple roles of CXCR3 in various biophysical processes, especially its divergent performance in different types of cancers, we herein carried out this meta-analysis to address the overall roles of CXCR3 in cancer patients' prognosis. This study aimed at defining the clinical value of CXCR3 molecule, thereby supporting the use of specific genetic diagnosis for cancer patients and development of targeted strategies against CXCR3.
Materials and methods literature search
For this study, we searched papers published before 1 April 2017 from PubMed, Embase, Web of Science, and Cochrane databases, using the following search strategy: ("CXCR3" or "CMKBR3" or "CD183" or "Chemokine C-C Motif Receptor 3" or "CXC Chemokine Receptor 3") and ("cancer" or "tumor" or "carcinoma" or "neoplasm") and ("prognosis" or "survival" or "mortality" "death"). Furthermore, we manually searched the reference lists of relevant literature. When multiple studies of the same patient population were identified, we included the published study with the largest sample size.
selection criteria
Articles were selected if they met the following criteria: 1) evaluation of CXCR3 expression for predicting prognosis in human cancer; 2) studies reporting survival data; 3) studies that detected CXCR3 protein expression by immunohistochemistry; and 4) studies with adequate data of pooled HRs and 95% CIs to be extracted or calculated. The exclusion criteria were as follows: 1) duplicate publication; 2) non-English papers; 3) author's view, commentary, conference abstract, or review articles; 4) sample number fewer than 40 patients; 5) study only focused on animal models or cancer cell lines; and 6) study lacking sufficient data for individual HRs and 95% CIs to be extracted or calculated. 18 All evaluations were independently performed by three individual researchers to ensure the accurate inclusion of studies.
Data collection
Three investigators independently extracted the data from eligible studies using a predefined form. The collected data included the name of first author, the publication year, patients' country of origin, tumor type, number of patients, sex, cancer stage or grade, percentage showing high CXCR3 expression and the corresponding cutoff value, and outcome. Multivariate HRs and 95% CIs were chosen if both univariate and multivariate results were reported in an individual study. For studies that presented only Kaplan-Meier curves, Engauge Digitizer version 4.1 was used to extract the survival data. 19 The estimated HRs and 95% CIs were calculated by Tierney's method. 18 By checking among the three investigators, the final data collection was performed.
statistical analysis
Using the data collected from each eligible study, we performed the meta-analysis to evaluate the relationship between solid tumor's CXCR3 expression and patients' prognosis. Stata version 14.0 (Stata Corporation, College Station, TX, USA) was used to carry out the statistical analysis. As the outcome endpoints disease-free survival, progression-free survival, and recurrence-free survival are similar in meaning, they were combined and a unified prognostic parameter, TTP, was used for the meta-analysis. The meta-analysis was, therefore, based on two outcome endpoints: OS and TTP. Pooled HRs and 95% CIs for the two outcome endpoints (OS, TTP) were used to evaluate the association of CXCR3 expression with solid tumor prognosis. Pooled RRs and 95% CIs were used to assess the correlations between CXCR3 expression and the clinicopathologic features of solid tumor, including TNM stage, T stage, lymph node metastasis, distant metastasis, and tumor differentiation. Heterogeneity assumption was checked using I 2 statistic. I 2 values 25% may be considered "low", values around 50% may be considered "moderate", and values 75% may be considered "high". When the I 2 values were 50%, a random-effect model was used to calculate the pooled HRs or RRs; otherwise, a fixedeffect model was used. 21 An observed HR 1 and P0.05 implied worse prognosis for patients with high CXCR3 expression. An observed RR 1 and P0.05 implied more advanced clinicopathologic characteristics for the group of high CXCR3 expression.
Publication bias and sensitivity analysis
Publication bias was tested using Begg's funnel plot and Egger's test. 22 If the funnel plot is asymmetric and the Egger's test reports a P-value of 0.05, publication bias is deemed to be probably existent. Meanwhile, we performed the sensitivity analysis by omitting each study or specific studies to assess the influence of individual studies to the entire meta-analysis.
Data availability
All data generated or analyzed during this study are included in this published article.
Results
search results
A total of 1,511 articles were retrieved by a comprehensive search from PubMed, Embase, Web of Science, and Cochrane databases. A total of 409 duplicate reports were excluded. After screening the titles and abstracts, 450 articles were excluded for reasons such as commentary, review, author's view, conference abstracts, and non-English paper. The remaining articles were viewed in full text for further selection. Six hundred and forty articles were excluded for reasons such as animal study, basic research, not about solid tumor or CXCR3, without CXCR3 survival data, sample number 40, and duplicated patient population. Finally, 12 studies that reported at least one outcome endpoint were included in this meta-analysis. [10] [11] [12] [23] [24] [25] [26] [27] [28] [29] [30] [31] A flowchart of the study selection process is shown in Figure 1 .
characteristics of studies
Detailed information of these eligible studies is summarized in Table 1 . In total, the 12 studies provided a sample of 1,751 patients to assess the relationship between CXCR3 expression and solid tumor prognosis. The median sample size was 146, with a range from 45 to 364. Among all the cohorts, China (n=6) became the major source region of literature, followed by USA (n=2), Ireland (n=1), Sweden (n=1), Iran (n=1), and Japan (n=1). As for the cancer type, four studies evaluated colorectal cancer, three studies evaluated breast cancer, two studies evaluated gastric cancer, two studies evaluated renal cancer, and one study evaluated glioblastoma. Nine studies out of 12 focused on overall survival (OS), 3 focused on disease-free survival, 1 focused on progression-free survival, and 1 focused on recurrence-free survival. Various clinicopathologic data were reported in five studies (TNM stage in three studies, pathologic T stage in five studies, lymph node metastasis in three studies, distant metastasis in three studies, and tumor differentiation in five studies). All studies applied immunohistochemical staining to investigate CXCR3 expression. The cutoff values of positive CXCR3 expression varied among different studies, so we classified all the cases according to their original studies (negative or positive staining).
Meta-analysis
The meta-analysis of CXCR3 expression was based on two outcome endpoints: OS and time to tumor progression (TTP). Nine studies were included in the meta-analysis of OS. A random-effect model was applied to calculate the pooled hazard ratio (HR) and 95% CI because the heterogeneity Abbreviations: cXcr3, c-X-c motif chemokine receptor 3; DFs, disease-free survival; na, not available; Os, overall survival; PFs, progression-free survival; rFs, recurrence-free survival; CSS, cancer specific survival. Figure 4 ; Table 2 ).
In the comprehensive analysis of the role of CXCR3 expression in solid tumors as a biomarker, we investigated the association of high CXCR3 expression and clinicopathologic characteristics in each cancer type. As shown in Table 3 
Publication bias
Begg's funnel plot and Egger's test were used to estimate the publication bias of the included literature. The shapes of the funnel plots for TTP showed no evidence of obvious asymmetry (Figure 6 ), and Egger's tests revealed nonsignificant values (P=0.619). However, publication bias may exist for OS (P=0.035) in the analysis of high vs low CXCR3 expression.
sensitivity analysis
Moreover, sensitivity analysis was carried out to assess the influence of individual studies on the overall results of OS and TTP. No individual study dominated this meta-analysis, and the removal of any single study had no significant effect on the overall conclusion ( Figure 7 ).
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Zhang et al Abbreviations: CXCR3, C-X-C motif chemokine receptor 3; RR, relative ratio; Random, random-effect model; Fixed, fixed-effect model. Abbreviations: cXcr3, c-X-c motif chemokine receptor 3; hr, hazard ratio; Os, overall survival; TTP, time to tumor progression; random, random-effect model; Fixed, fixed-effect model.
Discussion
Our current meta-analysis is so far the only one that has made a comprehensive assessment of the published studies regarding CXCR3 expression and patients' survival. We systematically analyzed survival data for 1,751 patients with various solid tumors. Among tumors in which CXCR3 overexpression is commonly observed (colorectal cancer, breast cancer, glioblastoma), there was a strong association between CXCR3 overexpression and unfavorable outcome compared with normal CXCR3 expression. Besides, we also evaluated the association between CXCR3 expression and clinicopathologic features, which showed a significant correlation between CXCR3 overexpression and tumor distant metastasis. Especially in colorectal cancer, high CXCR3 expression was related to unfavorable performances such as advanced tumor stage and lymph node metastasis. All these results indicated that CXCR3 probably participates in tumor progression and finally affects tumor prognosis. However, there seemed to be a negative association between high CXCR3 expression and lymph node metastasis in gastric cancer, and one of the two studies regarding gastric cancer, indeed, showed a protective role for CXCR3 in patients' OS, while the other one showed submit your manuscript | www.dovepress.com
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Zhang et al no significant correlation. We noticed that CXCR3 appeared to act differently in gastric cancer than the other cancer types. Actually, in Li et al's study, CXCR3 was highly expressed in advanced gastric cancer tissues compared with corresponding paracancerous tissues, which is the same as in other cancer types. However, in advanced gastric cancer tissues, higher CXCR3 correlated with better prognosis. 26 To explain this, they suggested a possible pathway that the CXCR3 played a role in recruiting tumor-infiltrating lymphocytes to promote antitumor function resulting in a better prognosis. Due to the limited studies evaluating gastric cancer and the scale of the study, it is hard to make a conclusion here, but we think it is worthy to investigate the underlying mechanism for the divergent performance.
Just like other chemokine receptors, CXCR3 is a seven transmembrane G-protein-coupled receptor which is reported to trigger several downstream pathways such as MAPK, SRC, and PI3K signaling that affect several cellular responses (calcium influx, proliferation, actin rearrangement, migration). 32 In tumor organs, CXCR3 is expressed on the tumor cells, stroma cells, and recruited leukocytes, with various ligands also expressed on most of these cells. Consequently, CXCR3 mediated tumor progression directly or indirectly by regulating tumor growth, migration, invasion, angiogenesis, and immunity. 32 It has been generally verified that the expression profiles of CXCR3 exhibited a significant increase in metastatic organs compared to corresponding primary cancer tissues in colorectal cancer, breast cancer, and melanoma, 10, 33, 34 further confirming the important role of CXCR3 in tumor progression.
It is notable that CXCR3 is a risk factor for cancer distant metastasis combining all the included cancer types, since
Dovepress
1053
cXcr3 in solid tumors metastatic cancers are responsible for about 90% of cancerrelated mortality. 35 Disseminated cancers are usually more refractory to prior cancer treatments; thus, an ideal strategy is to prevent metastasis by limiting initial dissemination and preventing secondary spread. 36 Consequently, CXCR3 may be a promising therapeutic target as increasing evidence has shown its overexpression in many primary and metastatic tumors. Moreover, targeting CXCR3 using its inhibitor AMG487 significantly suppressed metastasis and improved host antitumor immunity in metastatic breast cancer; while CXCR3-knockout mice showed decreased metastasis. 16 Though there are no clinical trials regarding CXCR3-targeted therapy currently, it is, indeed, a potential target and more studies are required to verify this. In most cases, chemokines are released locally and their effects are usually confined to local tissues, which are different from those of other cytokines that may cause systemic effects. Thus, CXCR3 could be better targets with less off-target side effects.
In conclusion, this meta-analysis demonstrates that high level of CXCR3 expression is associated shorter OS and tumor metastasis for patients, which suggests that CXCR3 is a valuable prognostic marker and a promising therapeutic target for solid tumors. We are looking forward to see more supportive data regarding CXCR3 in various tumors in the near future.
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